Abstract. Backstepping design, neural network technology, robust adaptive control and terminal sliding-mode control is combined. Firstly, neural networks are used to estimate the virtual control laws of the controlled system. Secondly, terminal sliding-mode control is utilized to improve the convergence speed and robustness of the controlled plant. Thirdly, robust adaptive control method is employed to estimate the unknown upper boundary of uncertainties. Lastly, backstepping design is incorporated to design the virtual control laws and actual control law of the controlled system. Based on Lyapunov stability theorem, all of error signals are bounded and exponentially converge to a bound neighbor of the origin. Simulation results show the effectiveness of the proposed control method.
Introduction
Compared with the attitude control system, the overload control method is simpler and more reliable. In this thesis, a robust adaptive terminal sliding mode control system is preed for the design of overload control system of target missile.
Overload control model of missile target missile
Taking the aerodynamic shape distributed in axial symmetry of missile target as an example, we studied the dynamics model of the pitch channel: In the formula, 22 a 
As for the pitch channel model of the missile target (4) 
Applying the state transformation matrix T 
In the formula, the parameters are as follows: 
Since the state transformation matrix T is reversible, the system (6) and the system (4) are equivalent transformation. based on system (6), we will design and analyze the overload control system of target missile pitch channel.
Design of Overload Control Based on Robust Adaptive Terminal Sliding-mode Control
Assumption 1 There exist unknown upper boundary 1 r , 2 r and 3 r , which enable the uncertainties of the system 1 ∆ , 2 ∆ and 3 ∆ satisfy:
In the formula, ⋅ represents the absolute value of " ⋅ ".
As for the pitch channel overload control model (6) of the missile after equivalent transformation, we adopt adaptive backstepping design and Terminal sliding-mode control design. Define the state error of under control target (6) as follows:
In the formula, 1d ξ , 2d ξ and 3d ξ are system expected state trajectory, 1d ξ is from the desired overload signal yc n wave filtering, 2d ξ and 3d ξ are defined by (12) and (20) separately.
From (6) and (8), we can get the dynamic equation of state error: 1   1  1  2  1  1   2  2  2  3  2  2   3  3  3  1 1  2 2  3 3  3 
Step 1：Considering the first formula of system (9), the form of RBF neural network is presented for the differential signal 1d ξ  of the desired state. Because the RBF neural network has the ability of on-line approximation [2] [3] , we adopt pitch channel missile expected overload signal yc n and state variablesα , z ω , y n as the input signals of RBF neural network, apply arbitrary approximation ability of neural network to estimate signal 1d ξ  .
Design the differential signal 1d
ξ  of desired state as:
In the formula, optimal weight matrix ξ  to get the desired state 1d ξ .
Employ 2
ξ as the virtual control law of (9), thus there exists an ideal virtual control law:
ξ is inaccessible;
we choose desired virtual control law as:
In the formula, Ŵ is the estimated value of the optimal weight matrixW * , 1 v is introduced robust item, whose form is as (17).
We choose Lyapunov function as follows:
( ) According to derivation of 1 V , Apply (9)，(10) and (12) to (13), we have:
Select the adaptive adjustive law of the of neural network parameters as:
In the formula, 0 W δ > is design parameter.
Combine (15) and (14), and take assumption1 into account, we have: 
。
Step 2, considering the second formula of system (9), select 3 ξ as the virtual control law of the second formula of (9), and there exists an ideal virtual control law:
which enables 2 2 2 3 3
ξ is inaccessible, we select desired virtual control law as:
In the formula, p and q are positive odd numbers and p q > , 3 0 k > are design parameters, introduce 2 v into robust item, whose form is as (23).
We select Lyapunov function as follows:
In the formula, 2 r is the estimated value of upper boundary 2 r , 2 r is estimated error 2 2 2 r r r = −  .
According to derivation of 2 V , and Combine (9) , and take assumption 1 into account, we can get:
In the formula, 3 v is introduced robust item, whose form is as (32), 4 0 k > , 5 0 k > are design parameters, sgn( ) ⋅ represents sign function.
Select Lyapunov function as follows:
In the formula, 3 r is the estimated value of upper boundary 3 r , 3 r is estimated error 3 Therefore, it shows that the design of pitching channel control system based on the method proposed in this paper has good dynamic quality, tracing performance and robustness.
Conclusion
This thesis employs neural network to estimate the virtual control law of the controlled system; it adopts Terminal sliding-mode control to enhance the convergence rate and robustness; it uses robust adaptive function method to estimate the unknown upper boundary of the uncertainties in the system; it adopts back stepping design method to deduct the virtual control law and actual control law of the system. The simulation results show that the designed pitching channel control system has good dynamic quality, tracing performance and robustness.
